Background & Aims: The key to preventing refeeding syndrome (RS) is identifying and appropriately managing patients at risk. We evaluated our clinical management of RS risk in patients starting total parenteral nutrition (TPN). Methods: Patients commencing TPN at University College London Hospital between January and July 2015 were prospectively followed-up for 7-days. Eighty patients were risk assessed for RS and categorized into risk groups. High and low risk RS groups were compared focusing on the onset of biochemical features of RS (hypophosphatemia, hypokalaemia and hypomagnesemia) and initial clinical assessment. Statistical analysis was conducted using ttests and Mann-Whitney U tests. Results: Sixty patients (75%) were identified as high-risk for RS and received lower initial calories (12.8 kcal/kg/day, p<0.05). All high-risk patients received a high potency vitamin preparation compared to 35% in the low risk group (p<0.05). Daily phosphate, magnesium and potassium plasma levels were monitored for seven days in 25%, 30% and 53.8% of patients, respectively. Hypophosphatemia developed in 30% and hypomagnesaemia and hypokalaemia in 27.5% of all patients. Approximately 84% of patients had one or more electrolyte abnormalities, which occurred more frequently in high-risk RS patients (p<0.05). Low risk patients developed mild hypophosphatemia at a much lower percentage than high-risk RS (20% vs 33.3%, respectively). Conclusion: A significant proportion of patients commencing TPN developed biochemical features of RS (but no more serious complications) despite nutritional assessment, treatment, and follow up in accordance with national recommendations. High vs low risk RS patients were more likely to have electrolyte abnormalities after receiving TPN regardless of preventative measures. Additional research is required to further optimise the initial nutritional approach to prevent RS in high-risk patients.
Introduction
Malnutrition is a common condition that contributes significantly to all cause morbidity and mortality. It remains largely unrecognized with reports showing that 70% of undernourished patients at time of admission are unidentified and not managed accordingly [1] [2] [3] . Reestablishing nutrition in a malnourished patient is associated with metabolic complications that are caused by the rapid change from a catabolic to an anabolic phase. Non-specific clinical signs, symptoms, and metabolic disorders, with hypophosphatemia as a hallmark feature, may follow this conversion [4] . This state is known as refeeding syndrome (RS) and is characterized by a rapid electrolytic intracellular shifts and metabolic disturbances produced after feeding a malnourished patient [5] . It is a preventable condition that can cause severe complications including multi-organ failure and death, and is often triggered within four to seven days of the supportive intervention [6] . RS is not only observed after long periods of starvation and considerable weight loss. Relatively healthy patients being partially or not fed for more than five to seven days, when exposed to acute metabolic stress such as surgery or trauma, can also be at risk of RS [7] [8] [9] [10] [11] . There is no consensus about the definition of RS. Its frequency has been described as anywhere from 0.43% in general wards to 34% in critical care patients [12, 13] . Its hallmark feature is hypophosphatemia and it has been shown that all post-operative patients receiving total parenteral nutrition (TPN) without phosphate in the prescription developed hypophosphatemia [14] . Plasma levels of other electrolytes such as magnesium, potassium and sodium are also frequently affected (Supplementary Table 1 ). Furthermore, deficiencies of micronutrients such as B vitamins (particularly thiamine) play an important role [15] . Clinical features are the result of these imbalances and identifying high risk patients is mandatory for its prevention [7] . The National Institute for Health and Care Excellence (NICE) in the UK recommends a careful and thorough nutritional assessment before starting nutritional support to determine a patient's risk category. The calorie and nutrient content can then be individually adjusted in order to avoid the metabolic disturbances, reducing the risk of RS [16] (Supplementary Table 2 ). TPN is a form of artificial nutrition support indicated in patients with intestinal failure. Patients receiving TPN are often at high risk of RS [17] . In 2010 a clinical audit performed by the National Confidential Enquiry into Patient Outcome and Death (NCEPOD) regarding TPN practice in the UK identified that 39% experienced metabolic complications; with hypophosphatemia, hypokalaemia and hypomagnesaemia the most common findings. However, these were felt to be avoidable in 49.4%. RS occurred in 19% patients and in 1.5% patients the recommended prevention guidelines were not followed [18] . RS is a life-threatening condition that could result in death [19] . Despite this, there is a lack of knowledge of its occurrence and associated risk factors. Hence, the objective of this audit is to identify how RS risks are assessed and managed among patients commencing TPN prescribed by the Nutrition Support Team at University College London Hospital (UCLH), as well as examining the referral process and reasons for delays between referral, nutrition team assessment, and initiation of TPN. RS is examined under the prism of refeeding hypophosphatemia, hypomagnesaemia, and hypokalaemia. This could help provide useful information to improve RS awareness, prevention, and treatment.
Methods

Settings
UCLH is a large teaching hospital with 665 inpatient beds. All adult patients requiring TPN (except on the intensive care unit) are referred to the multidisciplinary nutrition support team consisting of doctors, nurse specialists, dietitians and pharmacists. A decision about commencing TPN is generally made after a full assessment (medical, nutritional, psychosocial), and discussion with the patient and primary team.
Inclusion and Exclusion Criteria
Inpatients over the age of age 18 years commencing TPN after referral to the nutrition support team between 1 January 2015 and 30 July 2015 were included in the audit. Patients who had received artificial nutritional support for at least a week before referral (i.e. commenced in the intensive care unit) were excluded. Patients were then prospectively followed up for sevendays. Regulatory approval was granted by the site institutional review board. Informed consent was not required for an audit of existing clinical practice. Individual patient data collected were anonymized. The principles of the Declaration of Helsinki were adhered to during design and analysis.
Prescribing TPN at UCLH
A nutritional assessment was conducted by the nutrition support team before prescribing TPN. The indication for TPN was confirmed and the inability to feed orally or enterally was explored. Nutritional status was assessed by the dietitians considering current weight, body mass index (BMI) (using most recent weight to the assessment), percentage of weight change in the past 3-6 months, clinical condition and underlying diseases by completing a standardized nutritional assessment form. With this information patients were classified as high-risk or low risk of RS according to NICE guidelines [16] . Patients were classified as high risk if they had one of the following criteria: a BMI lower than 16 kg/m 2 ; unintentional weight loss of 15% in the past three to six months; little or no nutrition for more than ten days; and low plasma levels of phosphate, potassium or magnesium before feeding starts. Furthermore patients were considered to be at high risk of RS if meeting two or more of the following criteria: BMI under 18.5 kg/m 2 , unintentional weight loss of 10% in the last three to six months; unfed or partially fed for more than five days; and history of alcohol abuse or being in drugs such as chemotherapy, insulin, antacids or diuretics. In the opposite case they were considered low risk of RS [16] . Individual patient energy requirements were calculated using the Henry equation [20] for basal metabolic rate and adjusted for different activity and stress factors, as well as the maximum glucose oxidation rate, and nitrogen, lipid, and fluid requirements, using the standard recommendations from the British Dietetics Association. [21] . TPN scripts were individualized per patient with respect to composition of calories, macronutrients, electrolytes and trace elements. Patients were reviewed daily to three times per week by the nutrition support team upon starting TPN, depending on their risk of RS.
Data Collection and Statistical Analysis
Clinical and anthropometric data were collected (Supplementary Table 3 ). Blood samples for biochemical tests were obtained between 9 am and 12 pm, though not restricted at other times of the day as necessary. Data are presented as mean and standard deviation (SD) or median and range for continuous data and absolute and relative frequency for categorical data, respectively. Differences between groups were computed with t-tests for normally distributed data, MannWhitney U for non-normally distributed data, and chi-square test for categorical data with a pvalue ≤ 0.05 indicating significance. For data analysis, IBM SPSS Statistics (Release 22.0.0. 2010, Chicago (IL), USA: SPSS, Inc., an IBM Company) was used.
Results
Clinical and anthropometric characteristics according to RS risk and gender
The sample included 80 patients (51.2% women) with mean age 55.8 ± 17.3 years. The mean BMI was 22.2 ± 4.6 kg/m 2 and the median percentage of weight loss in the previous three months was 7.7 % (-6.1, 45.0). 75% of the patients were categorised as high risk of RS which was equally distributed among men and women. The calculated energy requirement was higher in males (p < 0.05) with no difference at the initial energy infusion rate between genders. The most frequent indication for starting TPN was bowel obstruction caused by cancer (33.8%), post-operative paralytic ileus (25%), and surgical complications (15%). The remaining indications for TPN included complicated Crohn's disease, bowel obstruction caused by peritoneal adhesions, graft versus host disease, pre-operative nutritional support, severe motility disorders, chronic radiation enteropathy and mucositis (Table 1) . Fifty-eight patients (72.5%) completed at least 7 days on TPN while 93.8% received PN for more than 5 days. Of the 22 patients that did not reach 7 days the most common reason of stopping TPN was the resolution of post-operative paralytic ileus (40.9 %), death due to cancerrelated complications (9.1%) and 50% were surgical patients that stopped TPN because the oral/enteral was re-established or were transferred to the intensive care unit after surgery. The most common electrolyte abnormalities during TPN were hypophosphatemia (24 cases, 30 %), and hypomagnesaemia (22 cases; 27.5 %) with no differences by gender. Hypokalaemia also occurred in 22 patients (27.5 %) and was more common in women by 29.6% (p < 0.05). When further stratified by RS risk group, women were still more prone to develop hypokalaemia (33.3%, p < 0.05). Sixty patients (75%) of the sample were classified at being at high risk of RS. There were no differences between high and low risk of RS groups in age, gender, BMI, TPN indication, albumin, calculated calorie requirements and electrolyte deficiencies prior commencing TPN. The high risk of RS group had a greater weight loss percentage during a three month period before evaluation and remained on TPN longer compared to the low risk RS patients (p < 0.05) ( Table 2 ). The initial TPN infusion rate was significantly lower in the high risk of RS group with a median of 12.8 kcal/kg/day (8.9, 18.9) compared to the low risk group [23.2 kcal/kg/day (10.8, 33.9), p < 0.05]. Moreover, the infusion rate was not related with the presence of hypophosphatemia, hypomagnesaemia or hypokalaemia in both RS risk groups. The percentage of the patients' daily energy requirement provided by TPN was lower amongst the high vs low RS group (42.2 % vs 87.7 %, p < 0.05). The median time between the referral and the evaluation by the nutrition support team was 0 days (0, 3), and the median time between evaluation and commencement of TPN was 0 days (0, 7), with no differences between risk groups (Table 2) . Forty-seven patients (58.8%) were evaluated on the same day the referral was made and 98.8% within 24 hours. Only one case took more than one day to be evaluated and was assessed 72 hours after a referral received late on a Friday afternoon. All high-risk patients received at least one infusion of a high potency multivitamin preparation (Pabrinex; Kyowa Kirin Ltd.) prior to commencing TPN while it was only received in 35% of the low risk group (p < 0.05). Pabrinex was administered twice daily for 72 hours. Forty-five percent and 75 % of the patients in the high and low risk groups commenced TPN on the day of the assessment. Overall 81.2% started TPN within 24 hours of evaluation, without differences between risk groups. Patients who had central venous access at the time of the evaluation (58%) started TPN within 24 hours more frequently than the rest, with a difference of 25.4% (p < 0.05). The requested blood tests for each electrolyte were classified in four groups whether they were requested daily or there was one, two or three days or more without measurement during the TPN period. Phosphate was reviewed daily in 20 patients (25%) while in 31.3% of the cases it was not measured for three or more days. Similarly, magnesium was requested every day in 24 patients (30%) while in 38.8% of them it was not measured for three or more days. Potassium was checked daily in 53.8% of the sample, but in 6 patients it was not evaluated for three or more days. No differences were found between high and low risk of RS (Table 3) . Values present means ± SD, median (ranges), N (%). * p < 0.05, for differences between genders Values present means±SD, median (ranges), N (%). ¶ p < 0.05, for differences between high risk and low risk RS.
Metabolic derangements during TPN
Twenty-four patients (30 %) developed hypophosphatemia while receiving TPN, 20 of these patients were at high risk of RS. The cut-offs of severity for electrolyte disturbances are shown in Supplementary Table 1 . Seven cases of moderate (0.30-0.60 mmol/L) and one case of severe (< 30 mmol/L) hypophosphatemia arose within the high-risk group, compared with four cases of mild hypophosphatemia in the low risk group. No significant differences were found by RS risk group (Figure 1 ). Hypomagnesaemia and hypokalaemia had the same frequency of occurrence with 22 cases (27.5%) of which 18 (30%) and 19 (31.7%) cases were at high risk of RS respectively. The severity and the distribution among groups showed no statistical differences (Table 3 ). In the high-risk RS group, the presence of hypomagnesaemia at the initial assessment was associated with hypomagnesaemia during TPN, despite being adequately replaced. (57.6%, p < 0.05). In a case-by-case analysis trying to identify the frequency of isolated electrolyte disturbances and their combinations, hypophosphatemia was encountered as the only derangement in 9 (11.3%), hypomagnesaemia in 8 (10%) and hypokalaemia in 6 (7.5%) patients. The three conditions together occurred in 7 patients (8.8%), who were all at high risk of RS (Figure 2A) . In total 42 patients (52.5%) developed at least one plasma electrolyte deficiency after commencing TPN, of which 35 patients were considered to be at high risk of RS. Hypermagnesemia was the most common electrolyte disorder during TPN accounting for 27 cases (33.8%). Nine of them had high levels for more than 2 days and 12 fluctuated between high and low plasma levels. Hyperphosphatemia was seen in 24 patients (30%) and persisted for more than 2 days in 10 patients, while six showed high and low levels during TPN. Similarly, hyperkalaemia arose in 21.3% of the sample and six of them had high and low levels ( Figure  2B ). No differences existed between high and low risk of RS. With regards to electrolyte disturbances, only 13 (16.2%) treated patients maintained normal plasma levels of phosphate, magnesium and potassium whilst receiving TPN. Of the 67 (83.8%) patients that presented with either high or low levels of at least one of the electrolytes, n=54 were at high risk of RS. Therefore, patients at high risk had 25% (p < 0.05) more electrolyte abnormalities than those classified as low risk of RS ( Figure 2C ). In > 70% of the cases, hypophosphatemia, hypomagnesaemia and hypokalaemia occurred within two days of commencing TPN. Nine cases (37.5%) of hypophosphatemia occurred on the first day of TPN and 8 (33.3%) on the second. Hypokalaemia showed a similar trend with 8 (36.4%) occurring on the first day and 7 (31.8%) on day 2. Hypomagnesaemia was seen in 11 (50%) patients on the first day and was significantly associated with the presence of hypomagnesaemia at the time of evaluation (32.7%, p < 0.05) ( Figure 2D ). Figure  2B shows the number of cases categorized by normal, low, and high plasma levels of phosphate, magnesium and potassium. The 24 cases represented on the 'High and Low levels' category are also included in the values presented for the previous categories. C. Frequency of patients presenting at least one of the electrolytes, phosphate, magnesium or potassium out of the normal reference range during TPN by groups of risk of RS, * p < 0.05. D. Graphic representation showing the onset day of hypophosphatemia, hypomagnesaemia and hypokalaemia. *Hypomagnesaemia prior to starting TPN was associated with hypomagnesaemia during the first day of TPN (32.7%, p < 0.05).
Discussion and Conclusion
Our results show that every patient referred to the nutrition support team for TPN received a thorough nutritional assessment at the time of evaluation, including biochemical status, and were risk stratified for RS [16] . This contrasts favourably with the results of the NCEPOD report (2010), which found that only 54.1% of patients had a proper nutritional evaluation before starting TPN. Most of our sample (75% patients) were classified at high risk of RS. The only anthropometrical difference identified between high and low risk RS groups was percentage weight loss prior to commencing TPN (9.8%), one of the important risk factors of RS defined by NICE guidelines [16] . Accordingly, high and low risk of RS groups were treated differently. Every patient considered to be at high risk of RS received an infusion of a high potency vitamin preparation [16] compared to only 35% in the low risk group (65%, p < 0.05). The recommendations of cautious initial nutritional support for patients at high risk of RS have been chronicled since 1981, when a death was reported due to RS [19] . Subsequently, a cautious rate of 20 kcal/kg/day was suggested, increasing the calorie infusion slowly to reach full requirements by the 7 th day [22] . NICE later suggested an initial 10 kcal/kg/day TPN infusion rate for patients at high risk of RS [16] . In the studied sample, the initial TPN infusion rate was significantly lower among the high-risk group with a median of 12.8 kcal/kg/day, compared to 23.2 kcal/kg/day in the low risk group (p < 0.05). Patients at high risk of RS received an initial calorie content with a median of 42.2% of their daily energy requirements compared to 87.7% among the low risk of RS group (p < 0.05). These findings are in accordance with the aforementioned cautious approach to initial nutritional support and highlights the importance of expert nutrition support teams treating patients according to their initial RS risk assessment. The initial TPN infusion rate in our sample surpassed the figures suggested by NICE guidelines [16] . Nevertheless, this threshold is an arbitrary amount set by a group of experts with no randomized clinical trial evidence to support it. Additionally, in our sample, amongst the high risk of RS group (n=60), no differences in electrolyte shifts were seen when analysing by amount of TPN infused (range: 8.9 to 18.9 kcal/kg/day). Considering the limitations of this study, these findings suggest that a limit of 10 kcal/kg/day as an initial TPN infusion rate could end in patients being underfed without preventing the RS onset and should be revisited. The second important requirement in recognizing and treating early features of RS in a timely manner is to maintain strict daily biochemical vigilance during the first week of nutrition support [4, 22, 23] . In our sample, we observed that 25% and 30% of patients had plasma phosphate and magnesium levels checked daily during the first week of TPN, respectively, while in 31.3% and 38.8% of cases, levels were not measured for three or more days. These findings are in concordance with the NCEPOD report (2010) where regular biochemistry review was suboptimal. Patients starting TPN remained under the care of their primary medical/surgical team with regular review by the nutrition support team and advice for daily biochemical review. There were multiple reasons for irregular biochemical review after initiating TPN. For example, patients declining blood tests or not being present at the bedside at the time when the phlebotomist attended. Nonetheless, potassium levels were available every day in 53.8% patients of the sample and only 7.5% did not have test results available for three or more days. This suggests that serum phosphate and magnesium could have been measured at least at the frequency of serum potassium, and that they were often not requested on days where other blood tests were taken. Identification of biochemical deficiencies during the first week of nutritional support is critical as RS onset is more frequently encountered between the second and fourth day [24] . Therefore, in agreement with the 49.4% of avoidable metabolic complications found by the NCEPOD report (2010) [18] , daily biochemistry review is vital for the recognition of RS features, as early treatment of hypophosphatemia, can prevent more serious metabolic disorders and clinical complications. This organizational issue should be evaluated to allow the nutrition support team to have all the resources required to delivery evidence-based best practice. When analysing biochemistry test results, focusing particularly on serum phosphate, magnesium and potassium levels, no significant differences were found between RS risk groups either prior to or after commencing TPN. Nineteen (23.8%) patients had hypophosphatemia at the time of evaluation and 24 patients (30%) developed hypophosphatemia while receiving TPN. Twenty (33%) of them were at high risk of RS. These findings are consistent with other studies showing that 27.5% to 42% of high-risk of RS patients developed hypophosphatemia during the first week of nutritional support [25, 26] . No association was found between groups of high and low risk of RS and hypophosphatemia during TPN. Hypomagnesaemia was present in 21 (26.3%) patients prior to commencement of TPN and in 22 cases (27.5%) during the supportive nutrition phase. Eighteen (30%) were at high risk of RS. No association was found between low serum magnesium levels before starting TPN and the incidence of hypophosphatemia during nutrition support, contrasting with the conclusions of a recent prospective cohort study establishing hypomagnesaemia as a predictor of occurrence of RS [27] . However, hypomagnesaemia prior to the commencement of TPN was associated with hypomagnesaemia during the supportive phase among the high-risk RS group despite being replaced according to guidelines (57.6% p < 0.05). Hypokalaemia was present in 9 (10.4%) patients before TPN initiation and was found to be more frequent amongst women at high risk of RS (33.3%, p < 0.05). This preponderance was also shown in a retrospective study of a large cohort of hospitalized patients where female gender was established to be a risk factor of developing hypokalaemia [28] , possibly due to a lower amount of total exchangeable potassium due to gender differences in body composition [29] . No consensus definition for the diagnosis of RS has been established to date. Every publication reviewed consistently establishes the presence of hypophosphatemia as the hallmark of RS. Nonetheless RS is a complex clinical scenario accompanied by several symptoms and signs in addition to hypophosphatemia [30] . In our sample, no episodes of severe RS occurred, but hypophosphatemia was observed in 33.3% of the patients at high risk of RS during TPN. The term 'refeeding hypophosphatemia' is used in the literature by different authors and may be more applicable to these results [5, 31] . Most patients from the sample (52.5%) developed at least one low serum level of the three electrolytes in question, and of those who had hypophosphatemia (24), 62.5% had at least one more low plasma electrolyte level. In a systematic review of RS cases, Skipper [31] revealed similar trends, finding that the majority of patients categorized as having RS by hypophosphatemia also presented with other laboratory abnormalities. Hypermagnesaemia was the most frequent electrolyte disorder during TPN accounting for 27 cases (33.8%). Finally, the onset of hypophosphatemia after commencing TPN was more commonly seen on the first and second day with a second peak at day four. This corroborates earlier findings reporting the onset of RS between the second and the fifth day after starting the nutrition support [24, 31] , again emphasising the need of close biochemical monitoring during the first week of refeeding. In conclusion, this audit showed that the UCLH nutrition team appropriately pre-assess and risk stratify all patients referred for TPN. Furthermore, they adhere to NICE Guidelines to manage patients according to their risk of RS. Metabolic disturbances are seen during the nutritional support, despite following expert recommendations, emphasizing the need for more studies in the field to complete the understanding of this physiological enigma. Ensuring more regular biochemical monitoring was highlighted as an area of clinical practice to improve.
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